Effect of the spin-orbit interaction is studied for the random potential scattering in two dimensions by the renormalization group method. It is shown that the localization behaviors are classified in the three different types depending on the symmetry. The recent observation of the negative magnetoresistance of MOSFET is discussed.
In recent experiments on MOSFET by Kawaguchi et al.,u it was found that electrons confined in the MOS inversion layer exhibit the negative magnetoresistance. This effect is closely related to the localization problem in a random potential. In two dimensions, the quantum interference is important and, if the impurity scattering is spin-independent, the conductivity vanishes at zero temperature even when the scattering is very weak. 2 > The applied magnetic field suppresses the quantum effect, which results in the negative magnetoresistance. The experiments can qualitatively be explained by this mechanism. In order to get quantitative agreement, however, it is important to include the spin-orbit interaction and the magnetic scattering by impurity spins, since these interactions have different symmetries. vVe will show that the system becomes conductive if the spin-orbit interaction is strong and that the agreement is improved by this effect.
The Born amplitude of the impurity scattering is generally given by where a and (3 denote the index of spin and the second and the third terms are respectively the spin-orbit coupling and the magnetic scattering by the impurity spin S.
The conductivity is formulated by the Green function diagrammatic technique. Sl For the random potential problem, the small perturbative parameter is the dimensionless resistance fi/ Er, E being the Fermi energy and r the relaxation time. It is shown that the ladder diagram gives the one-loop order for the renormalization group equation of the resistance.
The ladder diagram ( Fig. 1) was studied for the spin independent case. 4 
v is the density of states and n the impurity concentration. The self energy part ~ is given by
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The summation of the ladder diagrams Is obtained as II= J vGGd~=2rcv-:(1-r:Dq2 +i(ur), (6) where D is diffusion constant.
The conductivity u is given as
where v IS Fermi velocity. If we write r a~ril as
The vertex T "'"~" is written as
Now three distinguished cases appear:
If there is neither the spin-orbit interaction nor the magnetic scattering
(1/ r so= 1/ r, = 0), the first term of (9) gives the diffusion pole and the second and the third terms cancel each other. Then we have a logarithmic term from the first term. This is the orthogonal case and has already been studied.4l • 5 ) 2) If magnetic scattering is strong (1/r, * 0), we have no diffusion pole in (9) and no logarithmic term. 6 l This is the unitary case.
3) If there is no magnetic scattering and the spin-orbit interaction is strong
(1/r,=O, 1/r:o*O), we have a diffusion pole in the second term of (9). The logarithmic term appears with the coefficient of -1/2. This is the symplectic case.
In strict two dimensions, the spin-orbit interaction has only the .z-component Vve consider the renormalization group equation with a cutoff parameter w or the size L of a system in two dimensions
The conductivity (7) IS written by
which leads to the following renormalization group equation:
The value of a is 1, 0 and -1/2 for the orthogonal, unitary and symplectic case, respectively. These three ensembles appear also for the random matrix problem. 7 l An equivalent field theoretical model to this random potential problem is dis- 
where E is d-2 and b1 takes the value 2, 0, -1 for the orthogonal, unitary and symplectic case, respectively. For the unitary case b2 becomes -2. For the orthogonal case, b2 is zero. It is concluded that the system is localized for the orthogonal and unitary cases, and that the conductivity becomes infinite for the symplectic case at zero temperature.
At finite temperatures, the cutoff param- 
where a=4DeH/hc,
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The conductivity in a magnetic field rs given by 
